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Abstract—Interharmonic components can often be seen from
the discrete Fourier transform (DFT) results of measured voltage
or current waveforms. These components may be caused by
various factors, such as transient waveform distortions or noises.
They are not necessarily related to the real interharmonics. This
letter presents a simple method to verify the existence of a genuine
interharmonic component contained in the DFT results. The
method can also reveal the characteristics of the component. The
method has been demonstrated on various field measurement data
that contain genuine and false interharmonic components.
Index Terms—Fourier analysis, interharmonics, power quality
(PQ).
I. INTRODUCTION
I NTERHARMONICS (IH) in power systems are mainlycaused by variable frequency drives (VFDs), power-line
carriers (PLCs), and other devices that do not operate on every
cycle of the supply voltage [1]. In reality, discrete Fourier
transform (DFT) analysis on measured waveforms often shows
the existence of interharmonic (IH) components. In many cases,
such components are not caused by genuine IHs since transient
waveform distortions and random load variations can also yield
“IH components” in the DFT results. In recent years, many
research works have been published on how to determine the IH
components accurately [2]. A more fundamental problem that
shall be solved first is to determine whether an IH component
does exist.
The existence of false IH components can be explained with
the DFT theory. Let us consider a two-cycle signal whose first
cycle is and second cycle is . The signal period is
. When DFT is applied to this signal, the window width is ,
and the spectral components will have frequencies of 0, ,
, , etc. It can be seen that the 2nd, 4th,… com-
ponents are interharmonics of frequencies , ,
etc. The value of the IH can be determined by
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Fig. 1. IH time–frequency contour chart of a signal.
(1)
where is the number of samples per cycle, and is the sam-
pling period. It can be seen that is nonzero when
the difference between two cycles is not zero. Since the differ-
ences can be caused by noises, transient waveform distortion,
irregularly load variations, etc., false IHs will show up in the
DFT spectrum (i.e., 0).
The idea proposed for detecting the existence of genuine in-
terharmonics is based on the following thinking: if an IH com-
ponent does exist, it shall exist over a period of time such as
10 min or 1 h. During this period, the component must exhibit
similar characteristics. A simple method to implement this cri-
teria is the time–frequency contour analysis. Though the con-
tour concept was presented in [3], it has never been investigated
as a serious tool for monitoring and existence determination of
genuine IHs.
II. TIME–FREQUENCY CONTOUR ANALYSIS
Fig. 1 shows the IH time–frequency contour chart for the
proposed analysis. The chart was obtained by performing DFT
analysis on a series of waveform snapshots over a period of time.
Each snapshot may contain 60 cycles of waveform, which re-
sults in 1-Hz frequency resolution. A 10-min period will yield a
total of 600 DFT results. If one uses the axis to represent the
frequency, axis to represent the time (i.e., the number of snap-
shots), and axis to represent spectral magnitudes, a surface
plot is formed. By omitting the harmonic results, the contour of
this surface is the IH time–frequency contour chart. From Fig. 1,
one can easily see that there are six traces of spectral compo-
nents. Since these components exist over the 10-min observa-
tion period and all of them exhibit consistent frequency values,
one may conclude that they are genuine IHs.
The chart also shows some random dots. These are IH com-
ponents as well. However, they do not last for the entire period.
In fact, they exist only for very short periods. These components
cannot be considered true IHs.
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Fig. 2. Spectral component appearance rate chart of an electrical signal.
In order to automate the detection of true IHs, an index called
“appearance rate” is proposed. This index quantifies how often
an IH component with the magnitude larger than a selected
threshold appears in a given frequency band over an observa-
tion period. Assume that the IH time–frequency contour can be
represented as a matrix of ,
, where and correspond to the maximum fre-
quency and time of snapshots, respectively, and the appearance





In the above calculation, is the frequency of interest,
defines the frequency band within which IH appearance is en-
countered, and defines the selected threshold of IH
magnitude . In this paper, 2 Hz. The function
corresponding to Fig. 1 is shown in Fig. 2. The figure shows that
there are six peaks representing six IHs.
The threshold of , shown as a horizontal line in Fig. 2, can
be established to quantify the existence of IHs. For actual ap-
plications, the threshold of and the observation period can be
specified by the user. In view of the operating characteristics
and transient behavior of loads and the PQ measurement prac-
tice, we propose 10 min as a minimum duration and 60% as the
threshold of . The can be selected based on the IH
measurement standard [4], such as 0.05% for voltage and 0.15%
for current.
III. ILLUSTRATIVE CASE STUDIES
In this section, four field-measurement cases are used to
demonstrate the effectiveness of the proposed criteria. The Na-
tional Instruments NI-6020E 12 b with a 15.36-kHz sampling
rate was the measurement tool. The first case involves voltage
signals at a feeder point that supplies a variable-frequency drive
(VFD) and carries two-way automatic communication system
(TWACS)-based PLC signals. It can be seen from Fig. 3 that
there are two pairs of genuine IHs. Additional studies have
confirmed that they are produced by the VFD. The random
dots are produced by the TWACS signals [5], and these are not
genuine IHs. This is confirmed by the fact that the TWACS
does not use specific frequencies to transmit the PLC signal.
Fig. 3. Results associated with a VFD and TWACS signals.
Fig. 4. Results associated with a VFD and Turtle PLC signals.
Fig. 5. Results associated with a dc arc furnace.
The second case involves a feeder that uses a different PLC
scheme. The PLC is based on the Turtle system using the ultra-
narrow bandwidth (UNB) technology [6]. This technology uses
specific frequencies (555 and 585 Hz) to transmit signals down-
stream. So it produces genuine IHs. The results shown in Fig. 4
confirmed this conclusion. The traces around 60 Hz are related
to random fluctuation of 60-Hz components. They are not con-
sidered as genuine IHs.
The third and fourth cases are related to a dc arc furnace
(Fig. 5) and an inductive furnace (Fig. 6), respectively. The con-
tour plots show that IH components exist at certain times. How-
ever, their frequencies vary randomly. They shall not be consid-
ered as genuine IHs. The only exception is components below
100 Hz of the dc arc furnace case. The IH traces exhibit a distinc-
tive pattern. Depending on the threshold of , they may be con-
sidered as genuine interharmonics (a total of five components).
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Fig. 6. Results associated with an induction furnace.
IV. CONCLUSION
The IH components obtained from the DFT analysis are not
all genuine IHs. This letter has presented a simple and practical
method, time–frequency contour analysis, to determine if an IH
component truly exists. The proposed method can also reveal
the frequency characteristics of IHs over a period of time.
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